The biochemical basis for variation in foot-and-mouth disease virus (FMDV) has been explored by analysis of the virus RNA and the virus-induced and structural proteins of three isolates of the virus. Two of the isolates were from serotype A and the third was from serotype O. Hybridization studies of the RNAs showed greater than 8o% homology between the two type A viruses and about 65 % homology between the two type A viruses and the virus of type O. The ribonuclease T1 maps of the three viruses gave distinct patterns typical of FMDV, but did not show that any two of the three viruses were more closely related. The virus-induced primary translation products, P88, P52 and Ploo isolated from infected cells, were compared by tryptic peptide analysis. Combinations of all -and 14C-leucine-labelled polypeptides were hydrolysed with trypsin and resolved on an ion-exchange column. Much greater differences were found in P88 than in P52 or Ploo, indicating that the major variation occurs in the region of the genome coding for the structural proteins. Similar analysis of combinations of the structural proteins of the three viruses showed that there were differences in VPI, VP2 and VP3 and these results were supported by those obtained by PAGE analysis of the Staphylococcus aureus V8 protease cleavage products.
INTRODUCTION
There are seven serotypes of foot-and-mouth disease virus (FMDV) based on crossprotection tests in convalescent animals. This division is supported in general by neutralization tests and by serological tests such as complement fixation. Within each serotype subtypes can be distinguished, the antigenic variation being so great in some cases that it has led to the breakdown of vaccination programmes.
As part of a programme to define antigenic variation in biochemical terms we have investigated the relationship between the RNAs of the seven serotypes of the virus and shown that the viruses fall into two groups, comprising (i) the three European types, A, O and C, and the single Asian type, Asia I and (ii) the Southern African Territories' types SAT I, SAT 2 and SAT 3 (Robson et al. I977) . Homology between the RNAs of the two groups was 25 % to 4o o/o but was about 65 o/o between viruses from the same group. Virus RNAs belonging to the same serotype had homologies of 75 o/o or greater.
In this study we have attempted to locate where the differences between isolates occur on the genome. To answer this question two viruses from serotype A and one virus from a second serotype O were chosen for analysis. The comparison was made by analysing the proteins induced in infected cells by the three viruses since these represent the message encoded by the entire genome. Advantage was taken of the fact that the translation of FMDV RNA, in the presence of inhibitors of proteolytic enzymes, yields three primary products (Doel et al. 1978) . These proteins have approx, mol. wt. of 88ooo, 52ooo and IOOOOO and are therefore referred to as P88, P52 and Ploo. The primary products were compared by co-chromatography of their tryptic peptides. We have carried the comparison further by also analysing the tryptic peptides of three of the four structural proteins, VPI, VP2 and VP3, of the three viruses.
METHODS

Viruses.
The following isolates, adapted to growth in BHK 21 cell monolayer culture, were used: A Argentina, I96I, which belongs to subtype Io, A Bag6, which has not been allotted to a subtype and Ovl (subtype 6). These were obtained from the World Reference Centre for FMD at this Institute and will be referred to as Aoa, A Bag6 and OVl.
Neutralization tests. Tenfold dilutions of each virus were mixed with an equal vol. of I/lOOO hyperimmune guinea pig serum and o'o3 ml of each mixture inoculated intraperitoneally into groups of five 7 day-old mice. The neutralizing activity of the I/IOOO serum is expressed as the difference between the titration end-point of the virus and that of the mixture. The sera used in the test were produced by infecting guinea pigs with virus adapted to this animal by intradermal passage and giving a second inoculation subcutaneously 3 weeks after infection. The sera were collected 3 weeks after the second inoculation.
Preparation and purification of radioactively-labelled and unlabelled virus. BHK cell monolayers containing approx. IO s cells were infected at 37 °C at a multiplicity of about zo. After 3o rain to allow adsorption, the cells were washed three times with the appropriate labelling medium. Radioactive label was added to the infected cells I h p.i. High specific activity labelling of virus RNA with 3~p was achieved with 5oo #Ci/ml of carrier-free 32p-orthophosphate in phosphate-free Earle's saline added at the time indicated above. The RNA was also labelled using 3oo/zCi of 5-3H-uridine (26 Ci/mmol) in 2o ml of Eagle's medium. For labelling the virus capsid proteins, two different amino acids were used: (i) ioo to I5o/zCi of 35S-methionine (IooCi/mmol) or 3H-methionine (25 to 5oCi/mmol) in methionine-free Eagle's medium and (ii) 5oo #Ci of 4,5-3H-leucine (> ioo mCi/mmol) or 5o #Ci of 14C-leucine (Io mCi/mmol) in leucine-free Eagle's medium. All isotopes were purchased from the Radiochemical Centre, Amersham, U.K. Virus was purified at the end of the growth cycle as described previously (Harris & Brown, 1977) . Unlabelled virus was purified from the medium of 4 x lO 9 BHK cells infected at low multiplicity; after concentration with 5o% (NHa)zSO4, buffered to pH 7"6 with o'o4 M-phosphate, it was purified as for radioactive virus.
Extraction and purification of RNA from virus particles. The sucrose gradient fractions containing the virus peak were combined and diluted at least threefold with o'15 M-NaCI, o'o5 M-tris-HCl, o'oo5 M-EDTA, pH 7"6 (TNE buffer) containing o.1% SDS. E. coli tRNA (xoo #g) was added, the solution extracted once with an equal vol. of a 1:1 mixture of phenol:chloroform and the RNA in the aqueous phase precipitated with 2 vol. ethanol overnight at -20 °C. The precipitated RNA was dissolved in 0"5 ml o.I M-acetate, o.I % SDS, pH 5.0, layered on to a 14 ml 5 to 25% (w/v) sucrose gradient in the same buffer and centrifuged at 5ooo0 g for 16 h at 2o °C (Beckman SW27 . I rotor). The fractions comprising the peak (at about 37S) were pooled, IOO/zg of E. coli tRNA added and the RNA precipitated with 2 vol. ethanol overnight at -2o °C. Unlabelled virus RNA was extracted and purified in a similar way, but without the addition of tRNA carrier.
Extraction of double-stranded RNA from infected cells. Double-stranded RNA (dsRNA) was extracted and purified from about 4 × Io° virus-infected cells by phenol extraction and 2 M-LiCI precipitation. The dsRNA in the LiC1 soluble fraction was purified further from single-stranded RNA (ssRNA) of relatively low mol. wt. by centrifuging on 14 ml 5 to 25% (w/v) sucrose gradients in o.1 M-acetate, o.I% SDS, pH 5"o, for I6h at 8oooog (Beckman SW27. I rotor) at 2o °C. The dsRNA was recovered from the gradient by ethanol precipitation. These procedures have been described in detail previously (Harris & Brown, I977) . Molecular hybridization. Saturation and competition hybridization experiments were done in duplicate in o.2 ml of 5o % formamide, 5 × SSC (o'75 M-NaC1, o'o75 M-Na citrate) at 5 ° °C as described by Harris & Brown 0977) . The competitor RNAs were dissolved in 5o % formamide, 5 × SSC to give a final concentration of 8 #g/ml. The dsRNA concentration was adjusted so that at zero competitor concentration there were between 1ooo and 2ooo ct/ min in the hybrid as determined by saturation hybridization (Harris & Brown, 1977) . The results obtained with the hybridization procedures were analysed as described in detail by Darby & Minson (~973) . Briefly, the reciprocal plots of the competition hybridizations give intercepts on the I/f axis which allow for the determination off, the fraction of the RNA displaced by the competitor at infinite competitor concentration. The values given in Table 2 are the mean values for the I/f intercepts from two experiments; the regression coefficient rxy for each of these reciprocal plots was > o'95. The same results were obtained when the graphical procedure of Eisenthal & Cornish-Bowden (1974) was used directly to ascertain the value off.
Ribonuclease T1 digestion of the virus RNA. The RNA precipitates were dissolved in Io #1 of o.oI M-tris-HC1, o.ooI M-EDTA, pH 7"4, containing ribonuclease Y 1 at an enzyme: substrate ratio of 1:20 and the solution incubated for I h at 37 °C (Harris & Brown, I977) .
Polyacrylamide gel electrophoresis of the oligonucleotides. Two-dimensional electrophoresis was performed using the method of De Wachter & Fiers (I972) modified as described by Frisby et al. (I976) . The electrophoresis cells were 35 × 2o cm in the first dimension with I cm wide loading pockets and 3o × 35 cm in the second dimension. The bromophenol blue dye marker was run 17 5 cm in the first dimension and I9 cm in the second dimension. The gels were blotted dry, wrapped in thin plastic sheets and autoradiographed using the technique of Laskey & Mills (1977) in which pre-flashed Fuji RX film was used in conjunction with intensifying screens; exposure took place at 4 °C.
Preparation and purification of radioactively-labelled primary translation produets. Labelling of virus-induced primary products was described by Doel et al. (1978) . Briefly, BHK cells were infected at a high m.o.i. (approx. Ioo), washed several times with the appropriate amino acid deficient medium and i2o min p.i., pulsed for 3o min with radioactive amino acids in the presence of zinc acetate to inhibit proteolysis of the primary products. The primary products were isolated from the infected cells and purified as described by Doel et al. (r978) . Briefly, the infected cells were lysed and the primary products separated on polyacrylamide gels. In the case of 35S-methionine and 14C-leucine-labelled material, the proteins were detected by autoradiography of slab gels and eluted from the dried gel fragments. The °H primary products were separated in rod gels, eluted from I mm slices and detected by scintillation counting. All the primary products were electrophoresed for a second time in polyacrylamide gels to ensure removal of any contaminating proteins.
Purification of the virus structural proteins. The virus structural proteins were purified in one of two ways. The 35S-methionine-labelled structural proteins used for Staphylococcus aureus V8 protease digestion and VP1 for the tryptic peptide mapping were extracted from 8 M-urea Laemmli gels of disrupted virus particles and VPIL, VP2, VP3 and VP 4 were extracted from electrofocusing gels.
Sucrose gradient fractions containing amino acid-labelled virus particles and carrier bovine serum albumin were diluted twofold and precipitated with 2 vol. acetone at -2o °C overnight. The precipitate, which contained at least 9o % of the virus, was dried and heated in o.125 M-tris-HC1 pH 6.8, 1% SDS, IO% glycerol, o.2% dithiothreitol in boiling water for 5 min. The proteins were separated on Io % polyacrylamide gels using the discontinuous buffer system of Laemmli (I97O) except that the gels also contained 8 M-urea and were run overnight at 4o V. The slab gels were then autoradiographed as described in detail by Harris & Brown (1975) , which permitted the detection of the 35S-methionine and 14C-leucinelabelled structural proteins. The aH-leucine structural proteins were detected by staining with kenacid blue (B.D.H. Ltd., Poole, Dorset), using the Coomassie Blue staining procedure.
Electrofocusing procedures were based on O'Farrell's methods (I975) with the following modification: Nonidet NP4o was omitted from the gel; the ampholyte solution was made from three commercial mixtures (LKB products) in the ratio of 2" 3 : 5 parts of pH 2"5 to 4"o:pH 5"o to 7"o:pH 3"5 to IO.O. The virus proteins were electrofocused towards the anode. The leucine-labelled proteins were detected by. staining with kenacid blue and identified.
Limited proteolysis of the 35S-methionine-labelled structural proteins. The structural proteins were compared by limited proteolysis in SDS and analysis of the products by the PAGE method of Cleveland et al. (1977) . Staphylococcus aureus V8 protease (Miles Laboratories, Slough, U.K.) was used at o'5 #g per sample. The individual bands were cut out of the dried gels and rehydrated in o.i25 M-tris-HC1 pH 6.8, I mM-EDTA, o.I % SDS, before loading into the pockets of a 3 cm stacking gel. When the phenol red marker dye had reached the end of the stacking gel the current was switched off and the apparatus placed at 37 °C for 3o min. The electrophoresis was then continued at room temperature until the phenol red had reached the end of the I5 % polyacrylamide resolving gel. The gels were fixed in methanol:acetic acid:H~O (2:i:7) and the digestion pattern detected by ftuorography (Bonnet & Laskey, I974) .
Tryptie peptide analysis. Mixtures of 35S-and ~H-methionine or a4C-and 3H-leucinelabelled proteins to be compared were carboxymethylated and then digested with trypsin as described by Doel & Brown (I978) . The peptides were separated on either a 2o × o'9 cm or a 3o × o'3 cm column of Chromosorb P resin using a linear gradient of pyridine-acetate buffer, from o'o4 M-pyridine, pH 2"45 to 2 M-pyridine, pH 4"9 maintained at 54 °C (Burroughs et al. I978). The performance of the two columns used differed in only one respect, namely their resolving power with regard to a few closely associated peptides. Approx. 2oo fractions were collected from both columns, each fraction being 2"4 ml with the 2o cm long column and o'3 ml with the 3o cm long column. Fractions were dried on to glass fibre discs and counted in a Packard liquid scintillation spectrometer. Data were analysed and plotted automatically at the Agricultural Research Council's computer facility, Rothamsted Experimental Station, Harpenden, Herts, U.K.
RESULTS
Neutralization tests
Neutralization tests showed that the two A viruses could be distinguished unequivocally from the type O virus. As expected, the two A viruses showed considerable cross-reaction but these could also be differentiated because of the failure of the A61 serum to neutralize the A Bag~ virus (Table I) . 
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Analysis of the virus RNAs RNA extracted from SH-uridine-labelled A61 virus was annealed to denatured dsRNA, extracted from BHK cells infected with the same virus, in the presence of competing unlabelled RNAs from the homologous virus and the A Bags and Ova viruses. These results and converse crosses are shown in Table 2 . The sequence homology is greater between An a and A Bags (83 %) than between the type A and type O viruses (63 %), in agreement with earlier findings (Robson et al. I977) .
The RNA of the three viruses was investigated further by ribonuclease Ta digestion of 3~P-labelled RNAs and separation of the products using two-dimensional polyacrylamide gel electrophoresis (Fig. I a to c) . The patterns are characteristic for FMDV, having both polycytidylic and polyadenylic acid tracts, but other than these oligonucleotides there do not appear to be any other shared long oligonucleotides. This is in agreement with similar studies by Robson et al. (1979) and indicates that Ta oligonucleotide maps discriminate between very closely related viruses.
Separation of the primary products
The radioactive primary products of each strain of virus were separated by electrophoresis in SDS-polyacrylamide gels and purified further by a second cycle of electrophoresis. Autoradiographs of gels of the primary products of Ova and A Bags were essentially identical to that of Aea (Doel et al. I978) with regard to the intensity and relative mobility of the polypeptides.
Tryptic peptide analysis of the primary products
The purified proteins were mixed so that each primary product of Ova and/k Bags was compared to the corresponding polypeptide of An1- Fig. 2a and b show the leucine-labelled tryptic peptides of Pioo of Ova and A Bags respectively, compared with those of A6a. The fact that most of the peptides of A6a coincide exactly with those of A Bags (Fig. 2 b) indicates that the proteins are closely related. Similarly, Pzoo of Ova appears to be closely related to Ploo of A6a (Fig. 2a) although the degree of relatedness is less than that seen in the Ploo proteins of the two A viruses between fractions xoo and I5o (Fig. 2b) . The three Ploo proteins have also been compared with regard to their methionine containing tryptic peptides. The results (data not shown) not only confirm but emphasize the conclusions reached with the leucine-containing tryptic peptides.
Comparison of the leucine-labelled tryptic peptides of P88 of Ova and A Bagd with those of A61 are shown in Fig. 2c and d . In contrast to the results with PIoo (Fig. 2a, b) the P88s of both Ovl and A Bag6 differ significantly from P88 of A6a ; for example none of the tryptic peptides of A61 between fractions 55 and 2oo coincide exactly with those of Ova and in most cases are three or more fractions apart (Fig. 2 c) . A similar, though less pronounced lack of coincidence is seen with the P88 proteins of A61 and A Bagd (Fig. 2d ). Similar differences have been obtained with the tryptic peptides of 3~S-and ZH-methionine-labelled P88s of the viruses. One such analysis is shown in Fig. 3 c. 
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pared with those of A6t and indicate that the proteins are closely related. In Fig. 3 a most of the peptides of Ovz coincide with those of A0z. However, several non-coincident peptides can be seen between fractions 8 [ and 97, two of these being derived from P52 of Ael and one peptide with a prominent shoulder being derived from Ovl. In contrast to the peptide analyses of Ploo and P88, P51 of A6t is no more closely related to the P52 of A Bag6 (Fig.  3 b) than it is to that of Ova (Fig. 3 a) . Tryptic peptide analyses of the methionine-containing P5z proteins of the three viruses not only confirmed but emphasized the similarities seen in Fig. 3 a and b . The 3H-and ~S-methionine tryptic peptides of the P52 proteins of Ael and Ovt are shown in Fig. 3d . The unusually compact profile is characteristic of methioninelabelled P5z proteins and suggests that the majority of the methionine residues are associated with acidic peptides whereas the leucine residues appear to be distributed more evenly throughout the range of peptides. 
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. ) and ~4C-leucine-labelled A~ (--); (c) P88 of Ov~ labelled with ssS-methionine (---_) and of A~I labelled with 3H-methionine (--); (d) P52 of Ova labelled with 85S-methionine (--..) and of Aex labelled with 8H-methionine (--).
Tryptic peptides of the capsid proteins
Proteolytic processing of the primary product P88 in infected cells gives rise to four proteins, VPI, VP2, VP 3 and VP 4 (Sangar et al. I977) , which comprise the capsid of the virus. VPI, VP2 and VP3 have approx, mol. wt. of 3o0oo whereas VP 4 has an approx. mol. wt. of 14000 (Talbot & Brown, I972) . We have compared VPI, VP2 and VP 3 of the three viruses by ion-exchange chromatography of their leucine-containing tryptic peptides and in addition VPIL, a fragment of VPI produced by trypsin treatment of I4oS particles (Burroughs et al. I97I) . We have been unable to compare the VP 4 proteins by ion-exchange chromatography because the tryptic peptides did not elute as discrete peaks. The leucine-labelled tryptic peptides of VPI of Ova and A Bag6 compared with those of An1 are shown in Fig. 4a and b. In these and previous peptide analyses we have ignored the first peak from the ion-exchange column. In our experience, based on many analyses by this method, the first peak to elute is probably partially digested material of relatively high tool. wt. and as such tends to be found in most maps at the same position. Only two out of nine peptides of Ovz coincide with those of A6z (Fig. 4 a) and only two out of nine peptides of A Bag6 coincide with those of A6~ (Fig. 4b) . It would appear, therefore, that VPI of A61 differs significantly from those of Ovz and A Bag6.
Tryptic peptide analysis of the VPIL fragments of Ovl and A6z showed three or possibly four peptides (Fig. 4c) . Although conclusions drawn from small numbers of peptides must be regarded as tentative, the peptide analysis in Fig. 4c does suggest that the VPIL fragment contains a greater percentage of common peptides than does the VPI protein. In addition the results in Fig. 4a and c suggest that the smaller fragment of VPI, namely VPIS, produced by trypsin treatment of intact virus (Burroughs et al. 197i ) contains more leucine residues than does the VPIL fragment. A similar conclusion can be drawn from the tryptic peptide analysis of the VPIL protein of A Bag6 (data not shown). pared with those of Ael. Only two peptides of Ovl coincide with those of A6~ (Fig. 5 a) and one or possibly two peptides of A Bag6 coincide with those of Ae~ (Fig. 5b) . Several points should be noted regarding Fig. 5a and b ; the large peak and shoulder at fraction i I2 in Fig. 5a has resolved as two peaks in Fig. 5b at fractions 78 and 8I. The different resolution of these peaks in the two panels was due to the use of the 30 × 0"3 cm rather than the 2oxo'9 cm chromatography column for peptide separation shown in Fig. 5b . The conclusion drawn from the peptide analyses of VP[ proteins would seem to apply to VP2, that is the profile of the VP2 peptides of Aea differs from those of A Bag6 and Ovl; however, the VP2 peptides are few in number and there is an overall similarity in pattern between Ael and A Bag6, several peaks being almost coincident. Similar but non-coincident profiles may be indicative of only slight differences between similar peptides. proteins also apply to the peptide analyses of the VP3 proteins. Only one of the peptides of Ov~ coincides with a peptide of A6x (Fig. 5 c) , and only two leucine peptides are common to the VP3 polypeptides of An1 and A Bag6 viruses (Fig. 5 d) .
The ion-exchange chromatograms suggest that the three structural proteins VPI, VP2 and VP3 show significant variation among the viruses studied, a result which is consistent with the tryptic peptide analyses of the P88 polypeptides.
PAGE of the limited proteolytic cleavage products of the structural polypeptides
We have also compared the structural proteins by the method of Cleveland et al. (I977) . This method, which involves a size separation of large proteolytic fragments by SDSpolyacrylamide gel electrophoresis, should be less sensitive to sequence variation than ionexchange chromatography of the tryptic peptides. Whereas the latter can be expected to detect charge and size changes, the method of Cleveland et al. (1977) should only be sensitive to base mutations which affect those residues involved in enzyme cleavage, so altering the size of the resultant products.
PAGE analysis of the proteolytic fragments of the 35S-methionine-labelled structural proteins is shown in Fig. 6 . Although all three gel profiles of VPI differ, those of the two type A viruses show that they are more closely related to each other than they are to OVl. The results of the protease digestion of the VPz polypeptides show that the two A viruses have similar patterns (Fig. 6b) which is a conclusion drawn from the tryptic peptide mapping data. The patterns of both type A viruses are distinct from the Ovl pattern, again confirming the tryptic peptide analyses. Fig. 6 c shows the cleavage products of the VP3 polypeptides. All three gel profiles differ although those of the type A viruses are more closely related to each other than they are to that of Ovl. The results in Fig. 6a to c are thus in general agreement with the tryptic peptide analyses. The less discriminating method of Cleveland et al. (I 977) allows the following conclusions to be made: (i) VPI, VP2 and VP 3 of the type A viruses are more closely related to each other than they are to those of Ovl; (ii) the sequence of VP2 appears to be conserved relative to those of VPI and VP3 with all three viruses.
Although we have not been successful with tryptic peptide analysis of VP4, this protein gave two major bands (Fig. 6d) by the method of Cleveland et al. (I977) . It would appear, therefore, that the region of the genome coding for VP 4 is conserved in the three viruses.
DISCUSSION
We have examined the biochemical basis for variation in FMDV using a number of techniques. The RNA hybridization results are in general agreement with the serological data and the peptide analyses, in that the two A viruses were more closely related. In the case of the oligonucleotide maps we had anticipated that the method would be particularly suited to detection of highly conserved regions of the FMDV genome. Although the results of the protein studies indicate conserved and variable regions it would appear that none of the RNA is sufficiently highly conserved among the viruses to produce easily recognizable common large oligonucleotides. This interpretation must be qualified by the observation that the large oligonucleotides are only a small fraction of the total products from digestion with T1 ribonuclease.
The RNA of FMDV has a coding capacity equivalent to approx. 26oooo daltons of protein. This value is largely accounted for by the sum of the tool. wt. of the three so-called primary products P88, P52 and PIoo which are induced by virus infection of BHK 2I cells in which cellular protein synthesis is suppressed and proteolytic processing of virus proteins On: Tue, 09 Apr 2019 20:55:44
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is inhibited (Sangar et al. 1977; Doel et al. I978) . Tryptic peptide maps have indicated that each primary product is a unique polypeptide which is processed to give relatively stable polypeptides. The 'gene' order of the primary products is 5'-P88, P52, P Ioo-3' (Sangar et al. 1977) . A previous study from this laboratory (Sangar et al. I977) established that P88 is the precursor of the structural proteins of the virus and more recently, Newman et al. (1979) have shown that the polypeptide P56a, mol. wt. 56ooo which is derived from PloO, is the induced RNA-dependent RNA polymerase of the virus. Protein P52, by analogy to other picornaviruses, is likely to be the virus-induced protease (Korant, I979)-No evidence is available regarding the function of P56c, a protein derived from PIoo. Another protein P2o, which has the characteristics of a primary product and is coded for by the 5' region of the genome, has recently been found in BHK cells infected with A~I virus (D. V. Sangar & T. R. Doel, unpublished observations). This protein has no known function and has not been included in this study because of problems of obtaining it in a pure form.
The tryptic peptide analyses have shown that the region of the genome coding for the structural proteins varies more than those regions coding for P52 and Ploo. The variation among the P88 proteins is also seen with the tryptic peptide analyses of the structural proteins of the purified virususes, with VP2 being less variable than VP3 and VPI. The method of Cleveland et aL (I977) confirms the results of the tryptic peptide analyses with regard to the variability of the structural proteins. In addition the method shows that the low tool. wt. protein VP4 is conserved. The high variability of VPI was expected since this polypeptide is considered to be located on the outside of the FMDV particle on the basis of immune electron microscopy (Brown & Smale, 197o ) and its high reactivity with iodine (Laporte, 197i ; Talbot et al. I973) under conditions which favour the labelling of surface protein, and is compatible with its immunological importance, that is a protein exposed to immunological pressure from the host. It is interesting that VP3 is also highly variable although no antigenic function has been described for this polypeptide. However it is possibly closely associated with VPI because the genome segments coding for the two proteins are contiguous. Furthermore, the first cleavage of P88 yields VPo (the precursor of VP 4 and VP2; Sangar et al. 1976) and VP 3 and VPI or a precursor of these proteins (Ziola & Scraba, r974). The greater sequence conservation seen with VP4 and VP2 may be indicative of a critical structural role(s) for these proteins perhaps by their interaction with RNA. The probable close juxtaposition of these proteins seems to parallel their relative degree of sequence conservation.
Tryptic peptide analysis of VPIL, the large fragment produced by trypsin treatment of intact virus, provided tentative evidence that the variation seen with VPI was more confined to the small fragment which we refer to as VPIS.
The degree of sequence conservation seen with P52 is in accord with its putative role, namely as a virus-induced protease (Korant, r979) probably required for the cleavage of the virus structural proteins. If indeed the virus-induced proteases are highly conserved throughout the FMDV serotypes, this would suggest that the cleavage sites within the P88 precursor of picornavirus structural proteins would be retained.
A number of studies based on the limited sequencing of the structural proteins of Mengo virus, poliovirus and FMDV (Bachrach et al. I973; Burrell & Cooper, I973; Adam & Strohmaier, 1974; Ziola & Scraba, I976) have suggested the possibility of sequence conservation of the sites of protease action acroSs different genera of picornaviruses. However, in the case of FMDV, confusion regarding the protein responsible for the induction of neutralizing antibody (VPt in our work, often called VP3 or VPThr by other workers on the basis of migration under different conditions) with the 3' polypeptide of Mengo virus instead of the clearly analogous a polypeptide has led to the erroneous identification of two of the 
